Introduction
============

One of the more remarkable developmental feats is the ease by which children appear to learn new words after the second year of life. Children's ability to readily map words to referents in the world and retain these mappings over time, with only minimal exposure, is commonly called *fast mapping* (e.g., Carey and Bartlett, [@B7]; see Carey, [@B6], for a review). Fast mapping behavior has often been described as having two phases: (1) the initial mapping of a linguistic label to a referent, and (2) the subsequent retention and development of the initial representation, originally termed "extended mapping" (Carey and Bartlett, [@B7]). The majority of research on fast mapping has focused on cues that children use to initially map words to referents. However, less is known about the processes underlying extended mapping. In this study, we focus our investigation on examining children's retention of fast-mapped words over extended periods of time (i.e., weeks and months) in order to elucidate the memory processes supporting extended mapping and long-term word learning.

Fast mapping
------------

Children are remarkable word learners -- they quickly map a novel name onto a referent with one trial or minimal exposure (e.g., Carey and Bartlett, [@B7]; Heibeck and Markman, [@B15]; Woodward et al., [@B50]; Markson and Bloom, [@B26]; Goodman et al., [@B13]; Waxman and Booth, [@B45]; Behrend et al., [@B3]; Jaswal and Markman, [@B19]; Wilkinson and Mazzitelli, [@B48]; Horst and Samuelson, [@B17]; Carey, [@B6]; Spiegel and Halberda, [@B38]). For example, in Carey and Bartlett's ([@B7]) seminal study, preschool-aged children were able to select an olive green tray when their school teacher gestured to two trays, one blue and one olive green, and asked them to get "the chromium tray, not the blue one, the chromium one." After 1 week, children were provided with a brief reminder of the object-label mapping and then given a comprehension test. The majority of children at the comprehension test retained the association of "chromium" to the color of olive green. Subsequent studies have documented fast mapping behavior across a variety of categorical domains (e.g., Heibeck and Markman, [@B15]) and age groups (e.g., Woodward et al., [@B50]).

Historically, research on fast mapping has also argued that children retain mappings for surprisingly long amounts of time (see Goodman et al., [@B13], for a review; Markson and Bloom, [@B26]; Waxman and Booth, [@B45]). In fact, some studies have shown that children do not forget words after a week (e.g., Waxman and Booth, [@B45]) or up to 1 month later (e.g., Carey and Bartlett, [@B7]; Markson and Bloom, [@B26]). For example, one study (Waxman and Booth, [@B45]) presented children with a word learning task in which one of six novel objects was labeled with a novel name. After the single labeling event, children were given an identification and extension test both immediately and after a 1-week delay. All children (100%) at the 1-week delayed test were able to identify the previously labeled object out of a group of other objects used during the experiment.

In sum, fast mapping behavior includes both the ability to quickly map words to referents in the world and the ability to retain, and build upon, these mappings over time. Although a significant amount of research has focused on the first phase of fast mapping, the initial mapping of words to referents, relatively little research has examined the subsequent processes, such as the retention for these mappings. Consequently, very little is known about the mechanisms underlying children's retention of word mappings. Why do children appear to remember words for extended periods of time? In this study, we examine word learning over time in order to elucidate the memory processes underlying children's retention of words. We ground our investigation of word learning in principles and mechanisms of human memory. Specifically, we contextualize our investigation of word learning in terms of forgetting trajectories, which have been well documented by memory research for over 100 years (starting with Ebbinghaus, [@B9]).

Human memory: The ubiquitous nature of forgetting
-------------------------------------------------

The findings from the fast mapping literature paint the picture that, with only minimal exposure to a word and referent, children know and remember words for extended periods of time. This conclusion is surprising given the large body of memory research that holds the assumption that learned information is forgotten over time. Forgetting is the most ubiquitous characteristic of human memory (see Ebbinghaus, [@B9]; Shiffrin and Atkinson, [@B35]; Wickelgren, [@B47]; Rubin and Wenzel, [@B32]; Wixted, [@B49], for reviews and frameworks of forgetting). Even at a very young age, babies forget information in a similar manner as adults (e.g., Hartshorn et al., [@B14]; Rovee-Collier et al., [@B30]).

The natural course of forgetting is described as the relationship between memory and time. As time goes on, the ability to retrieve information declines to a theoretical asymptote of zero. This relationship is commonly characterized by a single mathematical function (e.g., Ebbinghaus, [@B9]; Wickelgren, [@B47]; Bahrick, [@B2]; Loftus, [@B25]; Anderson and Schooler, [@B1]; Rubin et al., [@B31]; Rubin and Wenzel, [@B32]; White, [@B46]; Wixted, [@B49]). Ebbinghaus ([@B9]) was the first to propose a mathematical form of forgetting, a savings function. Since Ebbinghaus ([@B9]) seminal work, researchers have proposed a series of other forgetting functions (see Rubin and Wenzel, [@B32]; Wixted, [@B49]; for reviews), including power functions (e.g., Anderson and Schooler, [@B1]) and exponential-power functions (e.g., White, [@B46]).

Although forgetting functions may differ on specific dimensions, one similarity across functions is that the rate of forgetting is most rapid initially, but declines as time goes on. That is, forgetting follows a curvilinear pattern, approaching a theoretical asymptote of zero. The curvilinear pattern found in memory tasks is strikingly different than characterizations of word learning performance over time. In particular, fast mapping research commonly characterizes memory for word mappings as a flat, linear pattern over time (e.g., Markson and Bloom, [@B26]; Goodman et al., [@B13]; Waxman and Booth, [@B45]). Because word learning performance has followed a flat, linear pattern, research has concluded that children have high retention of fast-mapped words and do not forget words over time.

Do children forget fast-mapped words?
-------------------------------------

The existing fast mapping literature would suggest that children do not forget newly acquired words over longer periods of time (i.e., weeks and months; e.g., Carey and Bartlett, [@B7]; Woodward et al., [@B50]; Goodman et al., [@B13]; Waxman and Booth, [@B45]). However, one issue with research on fast mapping is that learning paradigms have commonly been designed to support the high retention of words and prevent forgetting. That is, learning tasks from fast mapping research often incorporate strong memory supports (see Horst and Samuelson, [@B17], for a discussion of this issue).

Memory research has long shown that providing memory cues and supports can prevent and/or alter the rate of the forgetting curve by supporting the storage and/or retrieval strength of information (for reviews of these dynamics, see Estes, [@B10],[@B11]; Shiffrin and Atkinson, [@B35]; Wickelgren, [@B47]; Tulving and Thomson, [@B41]; Bjork and Bjork, [@B5]). Examples of such supports include the saliency, repetition, and generation of information. For example, asking participants to generate learned information, during learning, has been show to promote long-term memory to a greater degree than just being presented with information (see Bertsch et al., [@B4], for a meta-analysis).

Fast mapping research often incorporates saliency, repetition, and generation into word learning paradigms. In particular, paradigms are often designed so that (1) the labeled object(s) are made more salient than the other objects in the experiment (e.g., Waxman and Booth, [@B45]), (2) the object is labeled repeatedly, up to nine times (e.g., Woodward et al., [@B50]), and (3) learners are required to engage in the generation of the mapping and/or word (e.g., Medina et al., [@B29]). Moreover, many paradigms incorporate a reminder trial immediately preceding the retention test (e.g., Carey and Bartlett, [@B7]). Thus, the memory supports provided in fast mapping paradigms may be preventing forgetting, and in turn supporting long-term memory for word mappings.

Do children forget fast-mapped words? Because the majority of the existing fast mapping literature has designed word learning paradigms to prevent forgetting, it is unclear what the role of forgetting is in children's long-term word learning. However, recent work has indicated that children may forget fast-mapped words at a rapid rate (Horst and Samuelson, [@B17]; Horst et al., [@B18]; Friedrich and Friederici, [@B12]; Kucker and Samuelson, [@B24]). For example, Horst and Samuelson ([@B17]) presented 2-year-old children with a referent selection task and a 5-min delayed retention test. Although children initially had high performance when asked to map words to objects, at the referent selection task, children demonstrated very low performance at the 5-min delayed test. This suggests that, when children are required to retain several mappings for just a few minutes, the majority of these mappings are forgotten. In the current study, we built upon this work by demonstrating that older children and adults forget fast-mapped words when required to remember only a single mapping. Moreover, the current experiments were designed to characterize the nature of forgetting over extended periods of time (i.e., weeks and months).

Current study
-------------

In this series of experiments, we sought to demonstrate and characterize the role of forgetting in children's retention of fast-mapped words. To do this, we examined word learning and retention over extended periods of time (i.e., weeks and months) with various degrees of memory support. All participants were presented with a game in which they learned a new word during one of the activities. In Experiment 1, children and adults were not provided with the memory supports commonly presented in fast mapping tasks (i.e., saliency, repetition, and generation). This experiment was designed to determine if forgetting of word mappings would occur in the absence of these supports. In Experiment 2, the experimenter provided children with a varying number of memory supports during the labeling activity.

If forgetting is not a central mechanism underlying fast mapping, children should have an enduring memory for fast-mapped words and exhibit high retention over time. Moreover, children should demonstrate high retention even in the absence of the memory supports commonly provided in fast mapping tasks. However, if word learning relies on domain-general memory processes, children should forget words over time, just as memory for other information is forgotten over time. Moreover, this forgetting should be rapid at first and slow with time, just as other information is forgotten in a similar manner (e.g., Rubin and Wenzel, [@B32]; Wixted, [@B49]).

General Method {#s1}
==============

We adopted our experimental method from Markson and Bloom's ([@B26]) novel word learning paradigm. In this task, learners were presented with a measuring game in which one of the novel objects is casually labeled with a novel word (i.e., "koba"). We chose this paradigm for three reasons. First, this study examined word mapping over extended periods of time, up to 1 month later. Second, this procedure has been used in several investigations of word learning (e.g., Waxman and Booth, [@B45]). Finally, this study's procedure parallels both seminal research on fast mapping (e.g., Carey and Bartlett, [@B7]) and more recent research on word learning (e.g., Waxman and Booth, [@B45]; Behrend et al., [@B3]).

Stimuli
-------

In each of the experiments, participants were presented with a measuring game in which they interacted with 10 items, shown in Figure [1](#F1){ref-type="fig"}. Six of the items were novel objects: a blue plastic tube with a ridged surface, a black sponge-tipped wooden stick, multi-colored trumpet pasta, a gray plastic grid, a brown rubber disk with an indented circle pattern, and a white wooden rectangle consisting of 10 bars connected by 2 longer bars. Children and the vast majority of adults did not spontaneously produce or map familiar words to these objects during the experiment. All of these objects were roughly equivalent in size. Four of the items were familiar objects: a pencil, a ruler, a string, and 10 pennies.

![**Stimuli used during the experiment**. There were four known objects (ruler, pennies, string, and pencil) and six novel objects. Please note that objects are not scaled according to size.](fpsyg-03-00046-g001){#F1}

Procedure
---------

At the beginning of the experiment, children were told they were going to play a game in which they would learn to measure things. Adults were told that they were going to play a game that was designed to teach children how to measure. Participants were not told that they would be participating in a study about word learning. The task was designed to be an incidental word learning task, to model real-world word learning, thus participants were not explicitly told that they would be learning new words.

There were two phases of the experiment: a learning phase and a testing phase. During the learning phase, the experimenter presented participants with six measuring activities. Each of these activities consisted of using one of the familiar objects to measure a novel object. For example, one of the measuring activities was using the ruler to measure the blue tube. The experimenter would bring out both objects simultaneously and say, "Let's measure this toy with this." The experimenter would then have the participant measure the object and say how long it was. After measuring the object, the experimenter would say, "Lets put these away now and play with some other things." The experimenter would then introduce the next measuring activity until all of the measuring activities had been presented.

During one of the six activities, the novel object was casually labeled with a novel word ("koba"). For example, the experimenter would say, "Let's measure the 'koba'." The activity in which this labeling event occurred was randomly assigned for each participant. In all other activities, both the novel and familiar object were not labeled. For example, all other objects were referred to as "this," "it," or "toy." Thus, only one object during the entire learning phase was given a novel label.

The testing phase occurred either immediately, 1 week later, or 1 month later, according to the testing delay condition in which the participant was assigned. Participants were not given a reminder of the initial mapping before the test. The test consisted of the experimenter placing all 10 objects, in random placement order, on the table and asking participants to hand them the "koba." The experimenter at test was a different person than during the learning phase in order to ensure that the experimenter was blind to which object had been labeled the "koba."

Experiment 1
============

Participants
------------

Fifty four 3-year-old children (*M* = 43.1 months, Range: 36--48 months, 29 girls) and 54 undergraduate students participated in this experiment. Adult participants received course credit for their participation in the study. Participants in Experiment 1 did not participate in any other experiment in this study. All participants were monolingual English speakers. Children and adults were randomly assigned to one of the three testing delay conditions: immediate, 1 week delay, and 1 month delay. Thus, there were 18 participants in each of the conditions of the experiment.

Design
------

This experiment used a 2 (Age Group) × 3 (Testing Delay) design; both the age group (children and adults) and testing delay (immediate, 1 week delay, and 1 month delay) were between-subjects factors.

Procedure
---------

The procedure used in this experiment was the same as described in the Section ["General Methods."](#s1){ref-type="sec"} In this experiment, children and adults were not provided with the memory supports typically provided during fast mapping studies. The novel object used during the labeling activity was only casually labeled once ("Let's measure the 'koba'!").

Results and discussion
----------------------

As can be seen by Figure [2](#F2){ref-type="fig"}, the percentage of children and adults accurately remembering the mapping of "koba" at test appeared to vary across time. A chi-square analysis confirmed that there were differences in the number of participants successfully and unsuccessfully mapping the label to the object at test across the three testing delay conditions for children, χ^2^ (2, *N *= 54) = 9.82, *p* = 0.0074, and adults, χ^2^ (2, *N *= 54) = 26.07, *p* \< 0.001. At the immediate test, most children and nearly all adults were able to correctly map the novel word ("koba") to the object that had been labeled during the learning phase. However, performance at the 1-week and 1 month test was significantly lower, suggesting forgetting occurred over time. Moreover, the pattern of performance across time appeared to be similar to that of forgetting curves (see Wixted, [@B49], for a review) -- forgetting followed a curvilinear pattern in which the rate of forgetting was the most rapid initially, but slowed over time.

![**Results of Experiment 1**. The percentage of participants (children and adults) correctly identifying the "koba" at the immediate test, 1 week delayed test, and 1 month delayed test. Participants in this experiment did not receive the memory supports typically included in studies of fast mapping and word learning.](fpsyg-03-00046-g002){#F2}

The results of this experiment suggest that children and adults forget word mappings across time. This is surprising given that previous research has suggested that learners have high retention for fast-mapped words. One possibility is that previous research may have concluded that children do not forget words across time because fast mapping paradigms commonly incorporate strong memory supports (see Horst and Samuelson, [@B17], for a discussion). These memory supports may have prevented forgetting, thus giving the appearance of relatively consistent performance across time. We propose that word mapping and memory are intimately related processes. Thus, word mappings, just like other types of learned information, are forgotten over time.

In Experiment 2, we examined word mapping performance when children were provided with additional memory supports during learning. If children's performance varied based upon the number of memory supports present during learning, this suggests that indeed word mapping relies on domain-general memory processes. Moreover, if word mapping performance remained consistent across time, in the presence of memory supports, this provides an explanation for why previous studies have demonstrated high retention over time (e.g., Markson and Bloom, [@B26]; Goodman et al., [@B13]; Waxman and Booth, [@B45]) whereas Experiment 1 and a few other studies have shown that children forget words across time (e.g., Horst and Samuelson, [@B17]). However, if children's performance was not affected by varying numbers of memory supports during learning, this suggests that domain-general memory processes may not support word mapping performance across time. In this case, an alternate explanation is needed to explain why children have an enduring memory for words, but forget other information, and why there are conflicting results in the fast mapping literature.

Experiment 2
============

In this experiment, we sought to determine if varying the memory supports provided to children during learning would affect word mapping performance across time. Because participants forgot word mappings over time in Experiment 1, we proposed that domain-general memory mechanisms are involved in children's long-term word learning. Consequently, we predicted that memory supports would alter the forgetting curves of word mappings.

Participants
------------

One hundred sixty-two 3-year-old children (*M* = 42.8 months, Range: 36--48 months, 88 girls) participated in this experiment. Participants in Experiment 2 did not participate in any other experiment in this study. All participants were monolingual English speakers. Children were randomly assigned to one of the three memory support conditions: one memory support (saliency), two memory supports (saliency and repetition), or three memory supports (saliency, repetition, and generation); and one of the three testing delay conditions: immediate, 1 week delay, and 1 month delay. In total, there were 54 children in each of the three memory support conditions of this experiment, equally randomly assigned across the three testing delay conditions. Thus, there were a total of 18 participants in each condition of the experiment.

Design
------

This experiment used a 3 (Memory Support) × 3 (Testing Delay) design; both the number of memory supports (one, two, and three memory supports during learning) and testing delay (immediate, 1 week delay, and 1 month delay) were between-subjects factors.

Procedure
---------

During the labeling activity, participants were provided with one, two, or three memory supports: saliency, repetition, and generation. The experimenter provided these supports in the following ways: For saliency, the experimenter made the target object more salient by telling the participant that it was special (for example, "This next toy is special.") before it was labeled. For repetition, the experimenter casually labeled the target object repeatedly, for a total of six times (for example, "Let's measure this 'koba'." How long is the 'koba'? ...). Finally, for generation, the experimenter asked the participant to generate the word for the target object (for example, "Can you say koba?") immediately before putting the object away. Participants were provided with supports in this manner because this is how they are commonly provided in studies of children's word learning (e.g., Woodward et al., [@B50]; Markson and Bloom, [@B26]; Waxman and Booth, [@B45]; Medina et al., [@B29]). The rest of the procedure was the same as described in the Section ["General Methods."](#s1){ref-type="sec"}

Results and discussion
----------------------

As can been seen in Figure [3](#F3){ref-type="fig"}, the percentage of children accurately remembering the mapping of "koba" at test appeared to vary over time and across the different memory support conditions. We first examined whether children within each memory support condition had varied performance over time. A chi-square analysis confirmed that there were differences in the number of participants successfully and unsuccessfully mapping the label to the object across the three testing delays in the no memory support condition, χ^2^ (2, *N *= 54) = 9.82, *p* = 0.0074 (from Experiment 1), the one memory support condition, χ^2^ (2, *N *= 54) = 7.75, *p* = 0.0208, and the two memory supports condition, χ^2^ (2, *N *= 54) = 7.30, *p* = 0.0260. There was not a significant difference across the three testing delays in the three memory support condition, χ^2^ (2, *N *= 54) = 1.20, *p* = 0.5488. Thus, only children in the condition with the most memory supports (the three memory support condition) had high retention over time, without significant forgetting. However, children in all of the other memory support conditions demonstrated forgetting over time.

![**Results of Experiment 2**. The percentage of participants (children) correctly identifying the "koba" at the immediate test, 1 week delayed test, and 1 month delayed test, for four conditions of learning: no memory supports (from Experiment 1), one memory support (Experiment 2), two memory supports (Experiment 2), and three memory supports (Experiment 2).](fpsyg-03-00046-g003){#F3}

We then examined whether there would be differences in the pattern of forgetting across the four memory support conditions. A chi-square analysis confirmed that there was a difference in the number of participants successfully and unsuccessfully mapping the label to the object across the four memory support conditions at the 1-month delayed test, χ^2^ (3, *N *= 72) = 8.52, *p* = 0.0364. However, there were not significant differences at the immediate test, χ^2^ (3, *N *= 72) = 0.79, *p* = 0.8519, and the 1-week delayed test, χ^2^ (3, *N *= 72) = 4.68, *p* = 0.1968. This suggests that, although the effects of the different memory supports were not apparent at the immediate and 1 week delayed test, the memory supports did affect long-term performance at the 1-month test. Because there were differences at the 1-month delayed test, there were also differences in the pattern of forgetting over time. Thus, these results suggest that small changes in an experimental paradigm can alter the manner in which word mappings are remembered and forgotten over time.

The results of Experiment 2 also provide an explanation for why previous studies have suggested that children have high retention of word mappings (e.g., Markson and Bloom, [@B26]; Goodman et al., [@B13]; Waxman and Booth, [@B45]). In studies of fast mapping, experiments are often designed so that they include several memory supports. However, in this study, when these memory supports were removed, children rapidly forgot words over time. This work suggests that, instead of having high retention of words across time, children forget words over time. In the Section ["General Discussion,"](#s2){ref-type="sec"} we outline how rapid forgetting may be a critical mechanism underlying children's long-term word learning.

General Discussion {#s2}
==================

For decades, children's ability to quickly map and retain a new word has been described as a remarkable characteristic of language learning and development (e.g., Carey and Bartlett, [@B7]; Heibeck and Markman, [@B15]; Goodman et al., [@B13]; Waxman and Booth, [@B45]; Behrend et al., [@B3]). The experiments in this study confirm children's remarkable mapping abilities -- the majority of children readily mapped a novel word to a novel object at an immediate test. However, these experiments confirm the findings from recent investigations of fast mapping (e.g., Horst and Samuelson, [@B17]; Horst et al., [@B18]; Friedrich and Friederici, [@B12]; Kucker and Samuelson, [@B24]) -- rather than having high retention of words, children and adults forgot words over time. Indeed, participants' retention of word mappings followed a curvilinear pattern, consistent with the manner in which information is forgotten in memory tasks (e.g., Ebbinghaus, [@B9]; Anderson and Schooler, [@B1]; Rubin and Wenzel, [@B32]; White, [@B46]; Wixted, [@B49]).

We contextualize our discussion of these findings in terms of the role of forgetting in word learning. Intuitively, forgetting would seem detrimental to word learning because children would be unable to retrieve word mappings after the initial word learning event. However, we outline how forgetting may be a powerful mechanism supporting extended mapping and long-term word learning -- forgetting may support both memory for specific word-to-world mappings and the ability to abstract meaning and generalize words to new experiences.

Forgetting promotes extended mapping: Memory for word mappings
--------------------------------------------------------------

Forgetting is the most ubiquitous characteristic of human memory (e.g., Rubin and Wenzel, [@B32]; Wixted, [@B49]) -- after acquiring information, learners begin to forget this information according to a curvilinear pattern over time, toward a theoretical asymptote of zero. Intuitively, forgetting would seem to deter memory because it makes retrieving prior learning more difficult. However, over 100 years of memory research (starting with Ebbinghaus, [@B9]) have outlined how forgetting is essential for the efficiency and adaptive functioning of memory (see Delaney et al., [@B8]; Storm, [@B39]; for recent reviews).

For example, according to study-phase retrieval theories of human memory (see Delaney et al., [@B8], for a review; Hintzman and Block, [@B16]; Johnston and Uhl, [@B21]; Thios and D'Agostino, [@B40]), forgetting information in between learning events is critical for the efficiency of memory. Information that is important to remember will likely be presented at a later point in time. Thus, when learners are re-presented with this information, it will be retrieved and get reactivated in memory. The process of retrieving and reactivating a memory results in a slowed rate of future forgetting for this information. Conversely, less important information is not likely to be re-presented to the learner and thus is not retrieved and/or reactivated in the same manner as important information. Consequently, less important information is forgotten at a faster rate than more important information. The end result of these processes is efficiency in memory retrieval -- information that is important for us to remember is easily retrieved.

Study-phase retrieval theories may be able to account for how word mappings are retained across time. Although mappings are forgotten in a curvilinear fashion, children are likely to be re-presented with word mappings at later points in time. Upon subsequent presentations, the mapping(s) will get reactivated in memory. This reactivation slows the rate of future forgetting and, across many presentations, makes word mappings easily retrieved.

This account is consistent with current theories on how word mappings are determined across ambiguous and complex learning situations, such as in cross-situational word learning (e.g., Yu and Smith, [@B51]; Smith and Yu, [@B37]). The results of cross-situational word learning research suggest that learners will map linguistic labels to objects that are co-presented at the highest frequency. Interestingly, another bi-product of high co-occurrence mappings is more reactivation in memory than low co-occurrence mappings. Indeed, the processes underlying how word mappings are determined across learning events may engender memory processes that promote the retention of this information (see Vlach and Sandhofer, [@B43], for an example).

Forgetting promotes extended mapping: Generalization of words
-------------------------------------------------------------

The process of extended mapping includes more than just the retention of word mappings -- extended mapping also includes the development of the initial representation (Carey and Bartlett, [@B7]). One important component of extended mapping is the ability to accurately extend and/or generalize a word to a novel referent (e.g., Carey and Bartlett, [@B7]; Waxman and Booth, [@B45]; Behrend et al., [@B3]; Jaswal and Markman, [@B20]; Wilkinson and Mazzitelli, [@B48]). Recently, research on forgetting has been contextualized in generalization tasks (e.g., Kornell and Bjork, [@B22]; Vlach et al., [@B44], [@B42]; Kornell et al., [@B23]). Generalization tasks differ from memory tasks in that, instead of being asked to recall a specific piece of information from memory, learners are required to abstract across variable learning experiences in order to generalize information to a new situation. This body of work has revealed that providing learners the opportunity to forget information in between learning events supports the acquisition and generalization of knowledge.

One domain in which forgetting has been identified to be particularly important is children's generalization of words and categories (e.g., Vlach et al., [@B44], [@B42]). As an example, one study (Vlach et al., [@B44]) presented children with a novel noun generalization task on two learning schedules, massed and spaced. In this task, children were presented with exemplars of a novel object category which were labeled with a common novel word (e.g., "blicket"). In the massed presentation schedule, category exemplars were presented in immediate succession (i.e., one right after the other). In the spaced presentation schedule, category exemplars were distributed in time by 30 s (i.e., 30 s of time in between each presentation). The 30-s interval in the spaced schedule provided learners the opportunity to forget information in between learning events. Results of the study revealed that, at a 3-min delayed generalization test, children had higher performance on the test for categories presented on a spaced schedule than categories presented on a massed schedule. This finding suggests that providing children the opportunity to forget information during learning promoted their ability to generalize words to novel category exemplars.

Research has suggested that forgetting promotes word learning because it supports the abstraction, and subsequent generalization, of information (e.g., Vlach et al., [@B44], [@B42]). By this account (an extension of study-phase retrieval theory; e.g., Delaney et al., [@B8]), forgetting promotes abstraction by supporting the memory of relevant features of a category and deterring the memory of irrelevant features of a category. Relevant features of a category are likely to be present at multiple learning events, thus reactivated in memory. This reactivation not only increases the retrieval strength for relevant features, but slows the future forgetting rate of the relevant features. On the other hand, irrelevant features are less likely to be present at multiple learning events, thus not being reactivated in memory. Because irrelevant features are not reactivated, they continue to be forgotten at a faster rate than relevant features. Consequently, when learners are required to generalize information at a future point in time, they will successfully recall more relevant features than irrelevant features, promoting more successful generalization. Indeed, extended mapping includes both successful retention and generalization and forgetting may be simultaneously supporting both processes.

Future research: Word learning and memory
-----------------------------------------

This work contributes to a growing body of research demonstrating the intimate relationship between word learning and memory (e.g., Samuelson and Smith, [@B33]; Smith, [@B36]; Sandhofer and Doumas, [@B34]; Vlach et al., [@B44]; McGregor et al., [@B28]). The current study highlights a powerful memory process underlying word mapping -- forgetting -- and is the first to demonstrate that children's retention of word mappings follow the same pattern as forgetting functions. It is important to build a mechanistic model for how words are learned and retained rather than just assume all mappings are retained for extended periods of time (see Mayor and Plunkett, [@B27]; for a model which demonstrates the importance of discarded mappings). Thus, future work should continue to investigate the role of memory processes involved in children's word learning.

Research on fast mapping may also benefit from examining the short-term memory processes involved in word mapping. Short-term memory processes may be mediating and/or moderating children's use of environmental cues that guide the in-the-moment mapping of a word to an object. Indeed, discovering the memory processes supporting both the initial mapping and retention of words is likely to elucidate the mechanisms of children's word learning over time and across development.
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